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(57] ABSTRACT

A hand held applicator for extruding molten thermo-
plastic material wherein a supply of the material 1s
contained within an attached receptacle, which recep-
tacle is provided with means for melting a portion of
the material contained therein. The melted material
within the receptacle is drawn under reduced pressure
into a passageway extending through a heated mem-
ber, and is extruded under increased pressure from a

valve controlled orifice provided. on one end of the

passageway by means of either a motor driven con-
veyor screw or an electromechanical solenoid actu-
ated piston. Heat for melting the plastic material 1s
conducted from the heated member to the inside of
the receptacle by means of a metallic duct member
which communicatively connects the inside base re-
gion of the receptacle to the passageway. Melting of
the plastic material is confined to the base region of
the receptacle by thermally insulating the walls of the

receptacle from the heated inner base region. Means

are provided for regulating the temperature of the
melted material at the base of the receptacle. .

10 Claims, 2 Drawing Figures
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1

APPLICATOR FOR EXTRUDING MOLTEN |
~ THERMOPLASTIC MATERIAL |

This invention relates generally to extruding appara-

tus, and more particularly to a small, portable, hand-

held device for extruding hot melt adhesives. -

Thermoplastic materials have proved to be useful as
adhesives in a wide variety of applications, and are
compatible as a means of attachment for many types of
materials. A number of thermoplastic extruding de-
vices have been developed for applying the adhesive
material, which devices usually have a heatable cham-
ber portion communicating with a supply of matenal,
and a feed means for urging the thermoplastic material
through the heatable chamber for extrusion theretrom
in a liquefied form.

Though applicators for extruding molten plastic ma-
terial are many and varied, they are In many instances
specialized as to the types of material usable, and 1n the
physical form the material must have for feeding into

the device. Many of the newer thermoplastic materials

- developed for use as an adhesive have a viscous consist-

ancy at ambient temperature, and have a resilient,
sticky surface; hence can not be conveniently handled
in the form of strips, rods or pellets. Devices for utiliz-

2

providing a passageway for the molten plastic material

- to flow from the inside base region of the receptacle to
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15

20

25

ing this type of material usually employ a heated con- '

tainer for melting the supply stock; the molten material

then being pressurized and conveyed to an applicator

“which can be held and manipulated by one hand of the
operator. The disadvantages which may be attributed
to this general type of applicator is the degradation of
the plastic material while in the device because the
- material is held in a molten state for extended periods
- of time, and to the overall size and complexity of the
device. |

In accordance with the aforegoing, it may be re-
garded as an object of the present invention to provide
an extruding device for applying molten thermoplastic
materials which is light and compact so that it can be
readily held in any position and actuated by one hand
of the operator, and which includes a self-contained
supply of plastic material. | |

[t is a further object of the present invention to pro-
vide a device for extruding molten thermoplastic mate-
rial wherein a supply of material can be conveniently
loaded into the device.

It is yet a further object of the present invention to
provide a_device for extruding thermoplastic material
‘wherein only small quantities of the material are heated
and melted prior to extrusion. .

And a further object of the present invention is to
provide a hand-held device for extruding molten ther-
moplastic materials in a continuous stream or bead
under precise control of the operator.

In the present invention, the foregoing objects as will
become apparent in the course of the ensuing specifica-
tion are achieved in a hand-held apparatus by having a
receptacle for the plastic material supply composed of

a non-metallic, heat resistant material with minimal 60

heat conducting properties, and by having the recepta-
cle attached to a heatable enclosing member for an
extruding mechanism by means of a metallic duct
member which passes through the base of the recepta-
cle, so that the metal of the duct member provides a
“means for conducting heat from the enclosing member
into the base portion of the receptacle for melting the

30
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the bore of the enclosing member. The plastic material
is loaded into the receptacle in the form of a solid cake,

‘and held against the base portion by light spring pres-
“sure; the melting of the plastic material taking place

only in the base region of the receptacle because the
sidewalls of the receptacle are unheated.

A motor driven conveyor screw within the bore of
the enclosing member, by inducing a reduction in pres-
sure within the passageway of the duct, operates to
draw the molten material from the base region of the
receptacle into the bore of the enclosing member, and

by inducing an increase in pressure on the molten ma-

terial in the bore, operates to extrude the material in a
continuous bead or stream from a nozzle which can be
controlled by a valve means provided on the end of the
enclosing member.

Since a conveyor screw rotating in a viscous fluid
does not have a positive displacement, the conveyor
screw in such a device can continue rotating while the
flow from the orifice is controlled by a valve to give
close control over the amount of discharge, or even
closed off completely. This reduces the demands on
control over the motor drive for the conveyor screw, so
that an alternating current induction motor or an air

driven motor can be employed as the powering means.

An alternative means for drawing the molten mate-

rial into the bore of the enclosmg member and for

extruding the material therefrom is a piston recipro-
cated by an electromechanical solenoid; the head of
the piston being at all times clear of the passageway
leading into the duct member. In this alternative
means, a one way check valve is provided in the duct
member and a similar valve is provided in the enclosing
member downstream from the piston head. The piston

oscillates with very short strokes, thereby giving pulsat-

" ing continuous extrusion of the molten material which

40

45

50

35

1s controllable by a valve as in the conveyor screw
Version.

In the solenoid version, as the flow of liquid 1s throt-
tled by the valve, a bu1ld11p of the molten material in
the bore of the enclosing member, by acting on the

_piston, forces the armature of the solenoid further into

regions of decreasing magnetic effect within the sole-
noid. This reduces both the length of the excursion of
the armature and of the force acting on the piston
urging the molten material toward the orifice.

As the molten material is extruded from the nozzle
orifice, the molten material at the base of the recepta-
cle flows slowly inward toward the duct opening, and
hence the temperature at the base need be only suffi-
cient to bring the material to a viscous condition. Un-
less means for regulating the heat input to the base i1s -
incorporated into the device, the temperature in the
base region will approach that of the housing member,

particularly if the device is left standing with the hous-

- ing member heater energized, and consequently the

melting of the material in the receptacle may proceed
beyond the region of the base. Since the temperature in
the base region can be considerably lower than that of

“the housing member, a regulating means wherein the

" inner base of the receptacle is a bi-metal diaphragm

65

material adjacent thereof; the bore of the duct member

supported at the outer edges will control input of heat
to the base in a manner similar to that of a thermostati-
cally controlled, electrical heater. The diaphragm is in
contact with the duct member when cold, and then
bulges away to withdraw from the duct member when
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heated. This arrangement has desirable features in that

the dlaphragm draws heat from a heat sink for rapid

input, which in this instance is the metallic ‘duct mem-

ber attached.to the housing member, and has a con-
“stant heat -input at lower, varymg levels by radiation

and by conduction. through the air of the narrow gap

4

-metal to metal contact being made between a dia-
phragm seal member: 20;and. the duct. member 17; and
‘then by radiation. and conductlon through the air from

the duct member across the gap between the closely

-spaced adjacent surfaces as the dlaphragm draws away.

- The separation of the gap will vary in accordance with

from the duct member when not.in contact.-The dia-
- rotating the receptacle on the screw thread which holds .

phragm 1s responsive to the drop in temperature as the

extruding mechanism draws the hot molten material

from: the base of the receptacle, and closes the gap or
'makes contact with the metallic duct member to in-
crease the heat input therefrom; and since the duct
- member and heated housing member have a substantial
thermal reserve, the temperature is quickly restored.
-For maximum convenience in handling the plastlc
material while loading the device, and to eliminate any
tendency of the material to stick to the sidewalls of the
- receptacle, the aforesaid cake of plastic material can be

partially enclosed by a thin foil or membrane. The foil

enclosure is crushed by atmospheric pressure as the
molten matenal 1s withdrawn through the duct mem-
ber; the crushed ring then being discarded when a new
cake of material is loaded. The membrane is composed

of a compatible plastic material which dissolves i in the

supply plastic material when the latter is heated and

10

_the temperature of the. diaphragm 19 and.is adjusted by

the receptacle base 16 to the. duct member 17. .
The plastic materlal in_ the receptacle 15 1s. urged

toward the diaphragm 19 by pressure from a Sprmg 21

15
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melted, and.then mixes into .the molten material to

accompany the extrudate from the nozzle orifice. |
‘The features of the invention outlined in the forego-

ing will. become apparent from the followmg detailed
10

description which is to be taken in.conjunction with the
accompanymg drawings in which:. ~

FIG.;11s a side elevation sectional wew of an appllca- '

tor embodymg features of this invention, including a
. piston extruding means .which - is rec1procable by an

~ electromechanical solenoid.

pressing on a piston disk 22. The material in contact
with. the heated diaphragm 19 is melted by heat con-
ducted. from the heater member 11, and the tempera-
ture gradient through the. material is stabilized by the
gap between the duct member and the dlaphragm SO
that only that material next to the diaphragm is melted.
Since the sidewalls 18 of the receptacle are made of a
heat msulatmg material, meltlng of the plastlc material

) will be.confined to the reglon at the base of the recepta-

cle
A passageway Openm g through the dlaphragm 19 for
the melted material is prowded with the seal member

20 and a resilient gland 23 to seal the duct assembly

against leakage of air so that the melted material can be
drawn through the duct member 17 .under reduced
pressure. . . |

A piston 25 in \ the passageway 12 ; IS, recrprocated by.

| the armature 26.of an electromechamcal solenmd and

induces pressure variations in the liquid within the
passageway 12, which  variations, in concert with a

.check valve. 28 in the duct member 17 and a check

valve 29 in the passageway 12, induce a reduction of

- pressure on the liquid in the duct member to draw the

35

_ FIG.2isa side elevation partlal sectlonal vrew of an

applicator embodying features of this Invention, includ-

- Ing a conveyor screw extruding means which is rotat-
able by an electric motor through a worm gear drive.

Referring to the drawings, and particularly to FIG. 1
‘the device of this invention is constructed in the form

of a hand held gun having a handle attached to a bady

melted material from the region at the base of the re-

ceptacle through the duct member 17 into the passage- o |

. way 12, and an increase of pressure on the liquid in the
- passageway 12 to urge the liquid toward an orifice 30

40

- . on the orifice: body toward the orifice 30 which alrgns a o
- pair of radial openings 32 and 33 with a tapered annu-

portion 10, preferably made of some suitable non-met-

allic and heat resistant material. and formed in two

halves to receive and support a member 11 provided

45

with a passageway 12. The. member 11 is encircled on

one end.by an electrical resistance heating element 13;
the element. being partially enclosed by a _,metalhc

for discharge. therefrom. The volume of liquid ﬂowmg
from the orifice is. increased by sliding .a sleeve valve 31

lar cavity 34 in the valve 31, thereby permitting the
liquid to flow from the passageway 12 through the

cavrty 34 and out of the orifice 30; the amount of flow
is controlled or reduced by shdlng the sleeve valve 31_

- away from the orifice ‘opening 30 because of the in-

shield 14 to- increase the- efficiency of -heat --,transfer -

from. the element to the member 11. o
- The plastic ‘material supply for the device is: sup-
ported close to the heated member in a receptacle 15,

50

which receptacle is largely made of some suitable non-

metallic and heat insulating material. The receptacle
15 is-attached to the.device by having the base portion
16 of the receptacle threaded on to the end of a metal-

lic duct. member 17 which is fastened to the heated

member 11. The temperature of the member 11 is
regulated by an electrical thermostat 61 connected in

series with-the:element 13 and is preferably attached to
the member 11 close to the duct member 17.
- Clamped between the base portion 16 and. the srde-

35

~ coil 27 is energized by actuating a trigger 36 pwoted on

60

creasing restriction imposed on the flow as the taper in

the cavity gradually covers the opening 33, |
'As the, volume of flow is reduced by the valve 31 a
pressure buildup acting on the piston 25, combmed

‘'with pressure from a spring 35 biased agamst the mag-

netic force from the solenoid coil 27, pushes the arma-
ture 26 into regions of lessening effect within the sole-
noid coil 27, which reduces both the length of the
stroke of the armature, and of ‘the magnetic forces
acting on the armature for urging the piston toward the
dlscharge opening on its pressure stroke. The solenoid

the body. member 10, which with the same motion
slides the sleeve valve 31 toward the openmg posrtlon

~ the motion. of. the trlgger through a leaf spring 37,

walls 18 of the receptacle i1s a bi-metal laminated dia-

phragm 19, having a higher expansion laminate located

on the side away trom the duct member 17, so that the

diaphragm will bulge: and draw away: from the duct
- member when heated. The diaphragm 19 is initially
heated by conduction from the duct member 17; direct

f

65

closes a pair of contacts in the miniature mrcro-swrtch
38. The solenoid coil 27 and the micro-swtich 38 are
connected in series to a power cord for connecting to a
standard 110V power supply. To increase the available -
volume of molten plastic material for discharge from

the orifice 30, a half wave solid state rectifier 39 is
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connected in series with the coil 27 and the switch 38.
The rectified alternating current is converted into pul-
sating direct current which reduces the. number of
strokes of the armature by one-half but increases the
length of the stroke by a factor of at least four. -

- A non-metallic, insulating member 40 is interposed

between the piston 25 in the heated member 11 and the
armature 26 of the solenoid for terminating thermal
conduction from the piston to the armature. The sole-
noid coil 27 1s attached to the member 11 by means of

6

the material into the receptacle. The container is
crushed. by atmospheric . pressure at the base of the

- receptacle:as the liquefied material is: withdrawn under

10

a non-metallic bushing 41 which also terminates. ther-

mal conduction from the heated member to the coll.
The bushing 41 encloses the spring 35 and also sup-

ports one end of the member 11; the bushing 41 being

clamped between the two halves cf the body portion 10
by two screws at 42 and 43. The member 11 has a third
attachment screw at 44 for clamping the body portion

halves 10 to a lug projecting from the member 11.
A packing material 45 is set in an annular cavity at

the end of the passageway 12 for sealing the end against
entrance of air or leakage of mo]ten materlal durmg
operation of the device. o *

FIG. 1 shows the diaphragm 19 w1thm the receptacle
15 as it would appear when heated; the diaphragm 1s
bulged at the centre and the ccntacting surfaces on the

seal member 20 and on the duct member 17 are sepa-

rated. In FIG. 2 the diaphragm is flat and.the contacting
surfaces are in thermal contact. As the heated material
is withdrawn from the base of the receptacle, the lami-
nated bi-metal diaphragm 19 1s responsive to the drop
in temperature and flattens, which closes the contact-
ing surfaces to increase the heat input to the diaphragm
from the heated member. .

FIG. 2 illustrates a conveyor screw Version of the

device; the enclosed elements not visible are identical

15

reduced pressure by the extruding mechanism.. -
- As an alternative, the container is compased of a
material which is soluble and compatible with the plas-
tic material as the material is melted at the base of the
receptacle, and is mixed in and extruded from the noz-
zle 30 along with the molten extrudate. |

Since the extruding mechanisms 1llustrated n FIG 1
and in FIG. 2 have characteristics wherein the volume
of liquid flow is controllable by a valve, the available
pressure head of the-extrudate is thereby limited, as 1s
the motive power requirements. However, it 1s to be
understood that the device can be adapted to include a
positive displacement pump such as for example a gear

- pump to give a smooth continuous flow of extrudate at

20

25

_30

35

to those identified in the foregoing detailed description;
the electrical rectifier 35 is.not included in this version;

and the elements which differ are illustrated in section-
alized form. In this version a conveyor screw 46 Is

member 48 and is driven by a:shaft extending through

rotatably mounted in a passageway 47 within a heated 40

a packing gland 49 to a worm gear 50 in a gear box 51. -

The shaft has a non-metallic section 52 interposed . %
beyond the gland 49 to terminate conduction of heat -

L
¥

from the screw 46 to the sleeve bearing 33 supporting ::45

the stub shaft 54, and to the worm gear 50 and gear box
51. The worm gear 50 is rotated by a worm 55 whichis

rotated by a shaft 56 driven by an electric motor 57. A*

support-member 58 for the gear box 51 i1s made. of
non-metallic material to restrict conduction of heat
from the heated member 48. . - -

50

During operation of the device, the member 48-is

heated with an element 13 similar to that in FIG. 1; the
passageway in the duct member 59 and n the heated
member 48 is filled with molten material from the re-

335

ceptacle; rotation of the screw 46 reduces the pressure

in the duct member 59 and at the base of the receptacle

15 to draw the molten material into the passageway 47

and forces the material toward the orifice opening 30

The flow from the orlﬁce 1s varied by a valve means

similar to that in FIG. 1.

Prior to loadmg the p]astlc material into the dewcc
the material is cast or otherwise preformed into a-solid
billet or cake 62; the size and shape of whlch IS a lccse
fit within the receptacle 13. - S

Materials which have a sticky outer surface and/or
are too easily deformed to hold a shape are cast 1nto a
thin metal foil container 60 which 1s loaded along with

65 -
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much higher pressures.  Also the device illustrated In
FIG. 2 can be adapted. to have an air cylinder and pis-
ton as the forcing mechanism to push the piston 25 for
very much higher pressures of the extrudate. Such

~adaptations would preferably include means for vary-

ing the available power output of the power means to
coincide with the opening of the discharge orifice con-

' trol valve for a controllable flow of the extrudate. Also |

it is to be understood that the sidewalls 18 of the recep-
tacle 15 can be composed of a lightweight metal such
as aluminum, providing that the sidewalls 18 are_ther-
mally insulated from the diaphragm 19. -

Thus, the aforenoted objects and advantages are

effectwely attained. Although several preferred em-
bodiments of the invention have been - disclosed
therein, the invention is 1n no sense limited thereby and
should be determmed by the scope- of the appended |
claims. - : o ,

Iclalm - S

- 1. An applicator fcr extrudlng molten therm()plastlc

rnaterlal comprising: ‘ | - |

a body portion; . ,

a member mounted on sald body pcrtlon and prc-
vided with an elongated passageway extendmg
therethrcugh . | |

- means for heating said member; :

a nozzle carried by said member and prcwded wrth a
~discharge opening communlcatlng with one end of
said passageway;, o

a valve nieans normally clcsmg sald one end cf the
passageway, e | S

" an inlet opening into said passageway at 2 locatlon
toward the other end thereof; . ~

means for supplymg molten plastlc materlal 1ntc said

~ Inlet opening; | - |

- means for mducrng a reduction in pressure 111 'said
.. . inlet opening to draw the molten material from said
| supply means into said passageway and for induc-
mg an increase in pressure on the molten material
~1n said passageway to urge the matertal tcward sald

" .nozzle; o

-said supplying means ccmpnsmg |

“a receptacle mounted on said applicator at a location
adjacent said inlet opening for receiving and con-
taining i solid form.the plastlc material that is to

* be melted, - o

~means for applylng heat to the inner side cf said

. 'receptacle at the region of said base to melt a por-

- tion of the material contained in said receptacle

.. and for limiting the melting of the material within
said receptacle to the inside base region thereof,
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- comprising means for thermally insulating said

‘1nside base region from the walls of said receptacle

to facilitate the maintenance of a difference in

temperature between said inside base regiton and
sald walls, and heat-conductive means providing a -
heat conduetmg path between said inside base‘

~ -region and said member, including means for con-

' - trolling the heat conductivity of said path to regu- .
. late the rate of thermal conductlon frem said mem-

ber to said base region;

means for urging the plasttc materlal contained in
~ said receptacle toward said inside base region and

~ being operable to effect establishment of a layer of

10

~molten plastic material ad_]aeent said Inside base

region as the plastic- materlal 1s melted by heat
therefrom, and o

duct'means communicatively connecting said inside
base region to said inlet opening for conveying the

molten material frem said inside base region to said
- Inlet opening. | |
2 An applleator for extrudlng melten thermplastlc
materlal comprlsmg

a body portion;

a member mounted on sa:d body portion and pro-

‘vided with an elongated passageway extendlng
‘therethrough;

means for heating said member;

'a nozzle carried by said member and pmwded with a

- discharge opening commumcatmg with one end of

satd passageway;
~a valve means normally closmg said one end of the
passageway;
- an Inlet opening into said passageway at a location
- toward the other end thereof;

~ means for supplying molten plastlc materlal into sald
~inlet opening; |

15

20

25

30

means for inducing a reduction in pressure in said

inlet opening to drawn the molten material from

said supplying means into said passageway and for

‘inducing an increase in pressure on the molten
material 1n said passageway to urge the matenal
toward said nozzle;

‘said supplying means comprisng a receptacle
mounted on said applicator at a location adjacent
‘said inlet opening for receiving and containing in
solid form the plastic material that is to be melted,
means for urging the plastic material contained in
said receptacle toward the base thereof;

- means for applying heat to the inner side of said
receptacle at the regton of said base to melt a por-

- ‘tion of the material contained in said receptacle

40

8
- a body portion; | | |
a member mounted on said bedy pOl‘thIl and pro-
~ vided with an elongated passageway extending
~therethrough; | .
means for heating said member;

- anozzle carried by said member and provided with a
~discharge opening eommumcatlng with one end of
sald passageway; - |

a valve means normally closmg said one end of the
passageway, L | --

“an inlet opening into- sald passageway at a loeatlon

~ toward the other end: thereof:; | |

- means for supplymg molten plastic material into sald' '

inlet opening; |

means for mducmg a reduetlon in pressure in said
“inlet opening to draw the molten material from said
supplying means into said passageway and for in-
ducing an increase n pressure on the molten mate-
rial in said passageway to urge the matertal toward
said nozzle; .- |

said supplying means comprising

~areceptacle mounted on said apphcator at a locatlon

ad]acent said inlet opening for receiving and con-
‘taining in solid form the plastlc material that is to
be melted, -

means for urging the plastic material contamed In
said receptacle toward the base thereof,

‘means for applying heat to the inner side of said

receptacle at the region of said base to melt a por-
tion of the material contained in said receptacle,
means for limiting the melting of the material within
-said receptacle to the inside base region thereof,
+ 1ncluding a laminated bi-metal means for regulat-
ing the thermal input to said inner side of the re-
ceptacle to maintain said base region at a predeter-
.~ mined temperature, and o |
duct means communicatively connectmg sald 1n51de
base region to said inlet opening for conveying the
- molten material from sald region to sald mlet open-
ing. |
4. An applicator for extruding molten thermOplastlc

‘material as claimed in claim 3, including a container for

- enclosing said plastic material at least on the peripheral

45

50

and for limiting the melting of said material to the

inside base region thereof, comprising means for
thermally insulating said inside base region from
- the walls of said receptacle to facilitate the mainte-
nance of a difference in temperature between said
inside base region and said walls, and means ar-
ranged to provide a heat conduting path between
sald Inside base region and said member, including
temperature responsive means for establishing said
path between said member- and said inside base
region for temperatures at said inside base region
below a . predetermined value, and duct means
communicatively connecting said inside base re-
gion to said inlet opening for conveying the molten
material from said region to said inlet opening.
3. An appllcater for extruding molten thermoplastic
material comprising:

35

surface thereof adjacent the inner side-walls of said
receptacle and operative to prevent said surface from
contacting said inner side-walls, .and said container
being constructed of thin metallic foil so that said con-

‘tamer 1s collapsed by atmospheric pressure as said

material is withdrawn from sald base reglon by said
reduction in pressure. .

5. An applicator for extruding molten therm0plast1e
material as claimed in claim 3, including a container for
enclosing said plastic material at least on the peripheral
surface thereof adjacent the inner side-walls of said
receptacle and operative to prevent said surface from

~ contacting said mner side-walls, and said container
- being composed of a material compatible and soluble
- in said molten material so that said container is ex-
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truded from said nozzle along w:th said molten mate-
rial. -
6. An applicator for extruding molten thermoplastic
material as claimed in claim 3, wherein said inducing
means comprises a conveyor screw rotatably mounted
in said passageway, which screw is rotatable by a shaft
extending through said other end and powered by a
motor means mounted on said applicator.

7. An applicator for extruding molten thermOplastlc
material as claimed in claim 6, wherein a thermal insu-
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“lating means is interposed between said conveyor screw
and said motor means for terminating conduction of
heat from said screw along said shaft to said motor
means.

8. An applicator for extruding molten thermoplastic

material as claimed in claim 3, wherein said inducing
means comprises a piston reciprocally mounted in said
passageway and coupled to a reciprocative means at-
tached to said other end, and a normally closed valve in
said duct means for releasing a flow of liquetied mate-
rial into said passageway by said reduction of pressure,
and a second normally closed valve interposed between
said piston and said nozzle in said passageway for re-
leasing a flow of liquefied material toward said dis-
charge orifice by said increase of pressure.

10

9. An applicator for extruding molten thermoplastic

material as claimed in claim 8, wherein said reciproca-

10

tive means comprises an electromechanical solenoid,
the armature of which solenoid is coupled to said pis-
ton, and the electrical coil of which solenoid 1s

mounted on said applicator in fixed reference to said

other end and operable when energized by an electric

current of varying intensity or direction to reciprocate
said piston In said passageway. |
10. An applicator for extruding molten thermoplastic

“material as claimed in claim 8, wherein a thermal 1nsu-

15

- 20

lating means is interposed between said piston and said
reciprocative means for terminating thermal conduc-

tion from said piston to said reciprocative means.
e ¥ * k0 k
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